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Growth abnormalities in cultured mesangial cells from rats with
spontaneous glomerulosclerosis. Age-related glomerulosclerosis (GS) oc-
curs in normotensive rats of the Milan strain (MNS), but not in geneti-
cally-matched hypertensive animals (MHS). Altered mesangial cell (MC)
proliferation and matrix expansion are common features of the glomerular
scarring process. We evaluated proliferation and matrix protein synthesis
of cultured MC from MNS and MHS animals aged 1 and 8 months, that
is, before and after the occurrence of GS. [3H]-thymidine (TdR) incorpo-
ration into DNA of MC from MNS rats stimulated by 10% FBS serum
increased with donor aging from 115 6.0 to 176 15, P < 0.01 (%
cpm/well over quiescent controls saM). Under the same experimental
conditions, cell counts changed from 101 4.0 to 146 5.0, P < 0.01 (%
cells/well over quiescent controls). Additionally, cytosolic Ca2 concen-
tration ([Ca2]) rised from 115 19 to 220 32 n and from 112 24
to 734 136 n when fura-2-loaded cells from young and old MNS rats,
respectively, were stimulated with 1% FBS. The rate of collagen produc-
tion also increased with donor age, as well as collagen IV and laminin Bi
mRNA expression. In contrast, in MC from MHS rats both DNA synthesis
and cell replication rate declined as function of donor age. No differences
in the [Ca2]1 responses to FBS were observed, nor collagen production
changed with MHS rat senescence. We conclude that the age-associated
decline of proliferative activity in MC from MHS animals could actually
reflect a normal process of cell aging, possibly protecting from the
occurrence of GS. At variance, in MNS rat-derived cells such physiologic
process may be genetically altered. This may translate into an age-
dependent hyperresponsiveness to growth stimuli, thereby facilitating the
development of GS.
In glomerular diseases characterized by irreversible injusy,
progression to end-stage renal failure is inevitable, even if the
initiating event is resolved. The histologic feature common to all
progressive renal diseases is glomerulosclerosis (GS). Mecha-
nisms underlying the occurrence of this pathologic event remain
still unclear. Sclerosing lesions of the glomerulus develop sponta-
neously with aging in certain strains of rats [1—31 and resemble
those of focal GS in humans [4]. Genetically determined risk
factors, mostly related to the hemodynamic component of glomer-
ular injury, such as systemic hypertension [5, 6], reduced nephron
number [6, 7] and a different response of renal vasoregulatory
mechanisms to injury [81, may play an important role in the
occurrence of spontaneous GS. All of these factors seem to
ultimately lead to failing glomerular autoregulatory mechanisms,
with resulting elevation of intraglomerular blood pressure and
glomerular damage.
Nevertheless, despite the presence of predisposing factors some
strains of rats do not develop GS with aging [8—10]. The Milan
hypertensive strain (MHS) and the Milan normotensive strain
(MNS) of rats are genetically related, as they have both been
developed from common ancestor Wistar animals [11]. In the
Milan strain, indeed, GS occurs in normotensive and not in
hypertensive animals [9, 10]. In MNS rats, proteinuria develops
after the fourth month and becomes massive by six to eight
months of age, in parallel with a progressive impairment of renal
function and histologic features of focal GS with a segmental or
global pattern [10]. At this age, the percentage of sclerotic area
approximates 45% of total glomerular surface. Interestingly,
unlike other murine models of progressive glomerular scarring
[12, 13], arterial blood pressure remains within normal levels
throughout the life span of MNS. In addition to hemodynamic
mechanism(s), it is plausible that other genetic factors may
influence the development and progression of age-related spon-
taneous GS. Enhanced mesangial cell proliferation and matrix
expansion are two important aspects of the pathogenetic process
of GS. Recent studies have reported that mice transgenic for
growth hormone and growth hormone releasing factor develop
mesangial cell proliferation and progressive GS [14]. This obser-
vation suggests that an inherited alteration of mesangial cell
growth behavior might play a role in the occurrence of glomerular
scarring. An inherited tendency of mesangial cells to hyperre-
spond to proliferative stimuli may characterize those strains of
rats susceptible to spontaneously develop GS. In the present study
we explored such a pathogenetic hypothesis, to explain the
occurrence of spontaneous GS in rats of the Milan normotensive
strain. To this end, we evaluated growth activity and matrix
synthesis in cultured MC from MNS and MHS rats aged one and
eight months, that is before and after the development of GS [9,
10].
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Cell culture
Four mesangial cell (MC) lines were obtained by isolating
glomeruli from the kidney of male MHS and MNS rats, according
106
Pugliese et al: Mesangial cell growth and GS 107
to previously described techniques [151. Briefly, rats were main-
tained on a standard chow diet (Altromin MT, A. Rieper Vandois,
Italy), containing 0.3% NaCI and 23% proteins. Two animals from
each strain from F54 to F56 generations were sacrificed at the age
of one and eight months, that is, before and after the development
of GS [8]. Pure preparations of glomeruli were obtained by
sequential sieving of renal cortical tissue, plated onto 35 mm
tissue culture dishes (Costar, Cambridge, MA, USA), and cul-
tured for approximately three weeks at 37°C in a controlled
atmosphere of 95% air and 5% CO2 in RPMI 1640 supplemented
with 17% fetal bovine serum (FBS, GIBCO, Grand Island, NY,
USA), 5 tg/ml insulin (Boeringer, Manheim GmbH, Germany),
100 U/ml penicillin (Farmitalia Carlo Erba, Milan, Italy), and 100
tg/ml streptomycin (Squibb & Son Inc., New York, NY, USA).
Trypsinization of primary outgrowths of whole glomeruli after
four weeks in culture yielded mostly (95%) MC, which were
subsequently passaged every five to seven days onto 24-well and
96-well culture plates. Characterization of cells was performed for
each cell line during early passages [16]. Cells were used between
the 3rd and the 15th passage after characterization.
Determination of DNA synthesis
Cell monolayers (N 20 for each MC line) were growth-
arrested by incubation for 72 hours in RPMI 1640 medium
supplemented with 0.5% FBS. This serum concentration yelded
the best combination of cell viability and growth inhibition in all
four cell lines as reported for other cultures of murine mesenchi-
mal cells, such as Balb/c3T3 fibroblasts [171 and vascular smooth
muscle cells [181. At the end of incubation, the medium was
changed to fresh RPM! 1640 containing 1.0 Ci/ml tritiated
thymidine ([3H]-TdR, 15.6 Ci/mmol, New England Nuclear, Bos-
ton, MA, USA) plus 10% FBS, and a second 48-hour incubation
was performed. [3H]-Tdr incorporation into newly synthesized
DNA was stopped by removal of labeled medium followed by
careful washes (3 X) with phosphate buffered saline solution (PBS;
Flow Labs, Irvine, Scotland, UK). Each monolayer was then
solubilized in 1 ml 0.1% sodium dodecylsulphate (SDS; BDH
Chemicals LTD, Poole, England, UK), to which 100 mg/ml bovine
serum albumin (BSA; Sigma Chemical Co., St. Louis, MO, USA)
was added as a carrier protein, and precipitated by addition of 100
pJ 100% trichloracetic acid (TCA; Carlo Erba Reagents, Milan,
Italy). After incubation for 30 minutes at 4°C the TCA-precipita-
ble material was solubilized in 500 .il of 0.1% SDS, and counted
by a scintillation counter (Tri-Carb 1900 CA, Packard Instrument
Company Inc., Downers Grove, IL, USA).
Viable cell count
The number of viable cells in monolayers (N = 80 for each cell
line) was determined under the same experimental conditions as
for DNA synthesis, by measuring neutral red uptake into their
lysosomes [17, 19]. The monolayers in 96-well plates were washed
three times with PBS, and growth medium containing neutral red,
40 g/ml, was added. After a three hour incubation, MC mono-
layers were fixed by washing with 1% formaldehyde/1% calcium
chloride. The neutral red was released from the cells by adding 0.2
ml of 1% acetic acid-50% ethanol. The optical density at 540 nm
was then recorded for each well by a microplate automatic reader
(Lamada Reader, Perkin Elmer Italia, Milan, Italy) blanked
against the first row of cells treated with acetic acid-ethanol
solution alone. In separate experiments, in order to ascertain the
relationship between number of cells and neutral red absorbance,
cell counts were simultaneously performed with standard hemo-
cytometric techniques after seeding the cells at different densities
(from 0.5 x i0 to 3.5 X io cells/well; N = 24 wells for each
density).
Mesangial matrix production
Collagen synthesis. This was estimated as the amount of [3H]-
proline incorporated in the collagenase-sensitive proteins [20, 21].
The monolayers in 24-well dishes were incubated for 24 hours in
RPMI 1640 medium with 2% FBS and 50 sg/ml ascorbic acid
(Sigma). Cells were then incubated for an additional 24-hour
period in the same medium supplemented with 50 g/ml a-amino-
propionitrile (Sigma) and 2 Ci/m1 [3H]-proline (New England
Nuclear; specific activity 50 Ci/mmol). The media were then
collected, and the cells solubilized in 0.1% SDS. Proteins were
precipated by treating medium and SDS solubilized cells with
absolute ethanol, 5:1 (vol/vol), overnight at 4°C. After centrifuga-
tion (10,000 x g for 5 to 10 mm), the precipitates were resus-
pended in 0.1 M ammonium formate (pH 7.8) containing 5 mrvi
calcium acetate, and digested with 15 U/mI purified collagenase
type VIII (Sigma). Following collagenase treatment, non-digested
proteins were precipitated with 10% TCA. After centrifugation
radioactivity of the supernates (collagenous proteins, CP) was
counted in a liquid scintillation counter. The precipitates (non-
collagenous proteins, NCP) were first dissolved in 0.1% SDS and
then radioactivity was determined. The collagenous proteins (%)
related to the total proteins were calculated by the formula CP X
100 / (NCP X 5.4) + CP as described previously [20, 21]. Total
protein synthesis was assessed by measuring cpm of [3HJ-proline
radioactivity incorporated in collagenase sensitive plus collage-
nase resistant cellular and extracellular proteins, and normalized
by the cell number determined in duplicate wells.
RNA extraction and Northern blot analysis. Total cellular RNA
was isolated from MC by the RNA-zol method (Cinna/Biotecx
Lab, Houston, TX, USA). Poly A+ RNA was isolated in pre-
packed spun columns containing oligo (dT) cellulose from a
mRNA purification kit (Pharmacia LKB, Biotech AB, Uppsala,
Sweden), and quantified by measuring the absorbance at 260 nm.
The purity of the RNA preparation was confirmed by demonstrat-
ing an absorbance 260:280, ratio >1.7. For Northern blotting, 5
g of Poly A+ RNA samples were electrophoresed through a
1.3% agarose- formaldehyde gel and subsequently transferred to
the nitrocellulose filter. To identify RNA-containing fractions, all
gels were stained with ethidium bromide and checked under UV
light. For hybridization, the following fragments were used as
probes: (i) a PstI fragment for rat glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) [22]; (ii) a Mmdlii - EcoRI fragment
for mouse laminin Bi; and (iii) a PstI - Aval fragment for rat
collagen type IV al (provided by Dr. D. Schuppan, Department
of Gastroenterology, Klinicum Steglitz, Free University of Berlin,
Berlin, Germany). Probes were radiolabeled with [32P] dCTP
(Amersham, Arlington Heights, IL, USA) using the multiprime
DNA labeling system kit according to the manufacturer's instruc-
tions, and purified with Nick columns (Pharmacia). Filters were
prehybridized for four hours at 42°C in the presence of 50%
formamide, 1 x Denhardt's solution, 0.1% SDS, 5 x SSC buffer.
Hybridization was carried out overnight at 42°C using 1.5 X 106
cpm/ml of labeled probe. Filters were washed under highly
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stringent conditions before authoradiography. After optimal ex-
posure at —80°C using Kodak X-AR films (Eastman Kodak
Company, Rochester, NY, USA), the authoradiographs of each
experiment were scanned by a laser densitometer (Desaga CD
60-Program version 3.3, 1989, Heidelberg, Germany), in order to
quantify the amount of probe bound for each transcript. Type IV
collagen and laminin /31 mRNAs optical densities were normal-
ized to that of rat GAPDH mRNA.
Measurement of [Ca2]
was measured fluorometrically in cell layers (N = 10 for
each cell line) loaded with the Ca2-sensitive intracellular probe
fura-2, as previously described [23, 24]. Briefly, cells were grown
on 13.5 X 13.5 mm Aclar coverslips (Allied Engineered Plastics,
Pottsville, PA, USA) in 12-well plates. Twenty-four hours prior to
an experiment, the growth medium was replaced with RPMI 1640
supplemented with 0.5% FBS. The monolayers were then loaded
with 1 JLM fura-2 acetoxymethylester (Sigma) for 40 minutes in
serum-free RPMI 1640 at 37°C, followed by an additional 20
minute incubation in the same medium without fura-2. The cells
were then rinsed with Krebs-Henseleit N-2-hydroxyethylpipera-
zine-N'-2 ethanesulfonic acid (HEPES) buffer (KHH) supple-
mented with 0.2% bovine serum albumin (BSA), and stored in
ice-cold KHH. Each coverslip was then inserted vertically into a
UV grade quartz cuvette containing K}IH, and fluorescence was
monitored continuously at 340/500 nm excitation/emission wave-
lengths in a spectrofluorometer (Kotron SFM 25, Milan, Italy)
equipped with a thermostate (37°C) and stirring apparatus. Cali-
bration of the Ca2-dependent fluorescence was performed as
reported earlier [23, 24] at the end of each observation, by
sequential saturation of the dye with 40 j.M ionomycin to maxi-
mum fluorescence (Fm), followed by chelation of Ca2 to
minimum fluorescence (Fmin) with 7.5 mrt ethylenglycol-bis-(13-
aminoethylether) N,N,N',N'-tetraacetic acid (EGTA) and 60 nM
Tris HC1, pH 10.5. [Ca2] was calculated according to the
formula: Kd (FFmin/FmF), employing a Kd for fura-2 of 224
nM [25].
Statistical analysis
Data are means SEM. All comparisons between young and old
animals of each strain were performed by unpaired Student's
t-test.
The linear correlation coefficient between neutral red absor-
bance and number of cells was determined by the least squared
method [26].
Results
Cell proliferation
As illustrated in Figure 1, quiescent young MNS rat-derived
MC in RPMI 1640 supplemented with 0.5% bovine serum exhib-
ited a 115 6.0% increase of [3H]-TdR incorporation into DNA
after 48 hours of stimulation with 10% FBS, whereas MC from old
MNS animals studied at the same passage showed a larger
increment (176 15%, P < 0.01). At variance with MNS rats,
serum-stimulated [3H]-TdR incorporation declined in passage-
matched MC from MHS from 167 13% to 105 5.0% (P <
0.01) with donor aging.
Cell number was recorded both by means of a hemocytometer
or by measuring the amount of neutral red absorbed. This dye is
Fig. 1. Ten percent fetal bovine serum (FBS)-stimulated DNA synthesis in
cultured mesangial cells from rats of the Milan strains. Percent increases of
[3H]-TdR incorporation versus parallel, quiescent cultures in 0.5% FBS.
Abbreviations are: Ni and N8, mesangial cells from 1- and 8-month-old
MNS rats, respectively; Hi and H8, mesangial cells from 1- and 8-month-
old MHS rats, respectively. Data are means SEM of 4 independent
experiments. N = 20 for each group. **p < 0.01.
Fig. 2. Ten percent fetal bovine serum (FBS)-stimulated growth rate in
cultured mesangial cells from rats of the Milan strains. Percent increases in
cell number estimated by measuring the amount of neutral red adsorbed
versus parallel, quiescent cultures in 0.5% FBS. Abbreviations are: Ni and
N8, mesangial cells from 1- and 8-month-old MNS rats, respectively; Hi
and H8, mesangial cells from 1- and 8-month-old MHS rats, respectively.
Data are means SEM of 5 independent experiments. N = 80 for each
group. < 0.01.
normally incorporated by lysosomes of living cells [27]. Due to the
observation that conditions capable to injury the cell may decrease
the uptake and retention of the dye, neutral red uptake has been
used as a sensitive and quantitative method for assaying viable
cells in monolayer cultures [17, 28]. There was a linear relation-
ship between the optical density at 540 nm and the actual number
of MC counted in a hemocytometer. The correlation coefficient
(r) was 0.990 (P < 0.01) 48 hours after cell plating. Under the
same experimental condition as for [3H]-TdR incorporation, the
MC growth rate increased by 101 4.0% and 146 5.0% (P <
0.01) for young and old MNS rats, respectively (Fig. 2). In
contrast, in monolayers from MHS animals, the replication rate
dropped with age from 87 3.0% to 64 2.0% (P < 0.01).
[Ca2] mobilization in response to serum
In MC, [Ca2]1 mobilization from intracellular stores has been
reported to be a putative signal for the control of growth [29, 30].
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Table 1. [Ca2] response to FBS in fura-2-loaded monolayers of
mesangial cells cultured from rats of the Milan strain
[Ca2 nM %
IncreaseBaseline 1% FBS
Ni 115 19 220 32 112 25
N8 112 24 734 136 856 224
P NS <0.01 <0.01
Hi 83 18 244 59 252 93
H8 112 16 250 70 164 92
P NS NS NS
Abbreviations are: Ni and N8, mesangial cells from 1- and 8-month-old
MNS rats, respectively; Hi and H8, mesangial cells from 1- and 8-month-
old MHS rats, respectively. Data are means SCM from 4 independent
experiments on N = 10 monolayers for each group.
Fig. 4. Northern blot analysis of poiy A + RNA (5 pg/lane) from MNS
rat-derived ,nesangial cells. One-month-old MNS rats, lane 1 and 8-month-
old MNS rats, lane 2. Type IV collagen, left panel and laminin Bi, right
panel. Both blots were reprobed with the glyceraldehyde-3-phosphate
dehydrogenase gene (GAPDH) as a loading control. Blots are represen-
tative of three independent experiments.
Fig. 3. Synthesis of collagenous proteins secreted into the medium (A) or
associated with the cells (B). Bars represent the percentage of [3H]-proline
incorporated into collagen proteins related to that in total proteins.
Abbreviations are: Ni and N8, mesangial cells from 1- and 8-month-old
MNS rats, respectively; Hi and H8, mesangial cells from 1- and 8-month-
old MHS rats, respectively. Each bar represents the mean SEM of 3 to
5 independent experiments. N = 15 to 25 for each group. < 0.05; **
< 0.01.
On the other hand, reduced [Ca2] signalling [31] and low
replicative rates [32] have been shown in high-glucose cultured
MC. Additionally, changes in the influx of extracellular Ca2 have
been shown to correlate with the proliferative effect of some
growth factors 133]. Finally, increases in [Ca2] have been
suggested to stimulate protein synthesis in several cell systems
[34]. Thus, in order to evaluate the behavior of [Ca2] in response
to mitogens, we employed fluorimetric measurements in 1%
FBS-stimulated MC from the four groups of rats. In keeping with
previous reports [24, 35], 1% was the highest concentration of
FBS which could be tested without affecting basal fluorescence. In
fact, due to intense intrinsic fluorescence higher concentrations of
serum required background subtraction. [Ca2] baseline levels
measured in MC from young and old MNS rats were comparable
as well as those in cells from young and old MHS animals (Table
1). Addition of serum to fura-2 loaded monolayers, induced a
rapid transient [Ca2J1 peak followed by a steady decrease to
baseline values (not shown). Upon serum addition, [Ca2] in-
creased by 112 25% in MC from young normotensive rats and
by 856 224% in cells from old animals (P < 0.01). With respect
to MHS strain, serum addition increased [Ca2]1 by 252 93% in
MC from young rats and by 164 92% in cells from old animals
(P = NS). Thus, although [Ca2] response to 1% FBS revealed
no statistically significant difference in monolayers from young
and old rats, yet MC from old MHS showed a trend towards lower
[Ca2]1 mobilization.
Collagen synthesis
For these experiments, MC in culture were labeled at conflu-
ence with [3H]-proline and the rates of collagen and noncollagen
protein synthesis were determined. Secreted and cell-associated
collagen production rates were calculated on the basis of the
relative amounts to total protein secretion and synthesis, respec-
tively. Both total cellular and extracellular protein content did not
change with aging in cells from MHS rats (6.66 0.18 and 2.53
0.14 vs. 6.74 0.16 and 2.19 0.08 cpm/cell in monolayers from
young and old animals, respectively; N = 12 to 25 for each group;
P = NS) as well as in cells from MNS animals (4.73 0.16 and
2.12 0.l4vs. 5.25 0.13 and 1.95 0.15;N= 12 to 25;P = NS).
At variance with total proteins, in MC from MNS rats cellular and
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Fig. 5. Northern blot analysis of poly A RNA (5 pg/lane) from MHS rat-derived mesangial cells. One-month-old MHS rats, lane 1 and 8-month-old MHS
rats, lane 2. Type IV collagen, left panel and laminin Bi, right panel. Both blots were reprobed with the glyceraldehyde-3-phosphate dehydrogenase gene(GAPDH) as a loading control. Blots are representative of three independent experiments.
extracellular collagen production rate increased significantly with
donor age by approximately 137% and 124%, respectively (Fig. 3).
Thus, the increase in the proportion of collagen in total cellular
and secreted proteins of cultured MC from old MNS animals, very
likely reflected a selective increment of this matrix protein asso-
ciated with the increasing age of the donors. No age-related
differences in collagen production were observed in monolayers
from both young and old MHS animals.
To determine whether the donor age-related differences in
collagen synthesis by MC from MNS and MHS animals were due
to regulation at the level of mRNA, Northern analysis for collagen
IV was performed in cells from young and old MNS and MHS
rats. As shown in Figures 4 and 5, Northern blotting revealed two
transcripts of 6.8 and 6.2 Kb for collagen IV. In MNS rat-derived
MC (Fig. 4) the amount of transcripts was sensibly higher in cells
from old animals, whereas no difference in collagen IV mRNA
expression was observed in MC from young and old MHS rats
(Fig. 5). Analysis of the optical density of autoradiographs nor-
malized to that of rat GAPDH mRNA as control, showed that in
MC from MNS rats the major levels of collagen IV transcripts in
cells from aged animals were 10-fold higher than those in cells
from younger animals. In addition to collagen IV, changes in
mRNA levels for laminin Bi have also been recently reported to
be associated with the development of GS [36]. Thus, laminin Bi
mRNA was measured to examine another important component
of mesangial matrix, likely involved in the glomerularsclerotic
process. Laminin Bi transcript was increased 2.5-fold in cells from
eight-month-old MNS rats compared to one-month-old animals
of the same strain (Fig. 4). At variance, the levels of laminin Bi
mRNA were similar in cells from young and old MHS animals
(Fig. 5).
Discussion
The results herein reported demonstrate that both proliferative
and secretory activities of cultured MC from MNS rats, genetically
prone to develop aging-associated GS, increase as a function of
the donor age. On the other hand, the replication rate of cultured
MC derived from genetically related MHS rats, resistant to the
development of GS, declines with the age of the donors, while
collagen production apparently does not change.
MC proliferation is believed to play a key role in the pathogen-
esis of glomerular sclerosing lesions. A number of experimental
[37—40] as well as clinical [37, 38] progressive glomerulonephrit-
ides are characterized in the early phases by proliferation of MC.
Besides, heparin, a highly sulfated glycosaminoglycan with anti-
proliferative activity on MC [41, 42], has been reported to have a
beneficial effect on the glomerulosclerotic process occurring in
some forms of experimental glomerular diseases [43, 44]. In the
present study, the rate of replication was significantly enhanced in
MC from old MNS rats as compared to young animals of the same
strain, pointing to an aging-associated increase in the mitogenic
response. The higher proliferative activity of MC from eight-
month-old MNS with respect to one-month-old MNS, was docu-
mented by an approximately two- versus onefold increase in newly
synthesized DNA, associated with a simultaneous greater incre-
ment of cell number in response to serum. The finding that MC
from old MNS rats responded more than those from young
animals to proliferative stimuli, was further supported by the
different behavior of [Ca2]1 upon 1% serum addition. [Ca2]1, an
intracellular signal for a variety of mitogenic stimuli [29, 30],
increased sevenfold in monolayers from eight-month-old MNS,
and only twofold in those from one-month-old MNS rats.
Whether such differences were the consequence of different
density and/or sensitivity of serum growth factor receptors be-
tween the two cell lines, or rather the result of an altered
regulation of transmembrane signal transducers (G-proteins,
phospholipase C), remains to be established. Additionally, we
cannot rule out a different activation of other mitogenic signal
transduction systems interacting in synergy with the phospho-
lipase C-coupled pathway.
Accumulation of extracellular matrix represents the final com-
mon pathway for multiple pathogenetic mechanisms underlying
the glomeruloscierotic process. Experimental [40, 45] and clinical
[37, 381 studies have indicated that increased extracellular matrix
production most often begins in the mesangial area. Furthermore,
changes in mRNA levels for matrix components have been
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associated with the development of GS [36]. Recent study on
isolated glomeruli from MNS rats versus normal Wistar rats have
emphasized the sequential occurrence of glomerular hypertrophy,
likely due to accumulation of extracellular matrix, and glomerular
cell hyperplasia in the development of spontaneous glomerulo-
sclerosis. Glomerular hypertrophy would already be present in an
early phase of the disease associated with cellular hyperplasia at a
later stage (Kastner and Stolte, Hannover, Germany, personal
communication). Additionally, we have previously described the
presence of only occasional areas of thickening of the basement
membrane in glomeruli from young MNS rats (before the devel-
opment of glomeruloscierosis), and a marked increase in mesang-
ial matrix with deposition of basement membrane-like material in
older animals with overt glomeruloscierosis [10]. These cx vivo
observations are highly suggestive of a pathogenetic role of
altered mesangial cell behavior in the occurrence of the sponta-
neous glomeruloscierosing disease of the Milan strain of rats. In
the present study, matrix expansion in MC from old MNS animals
was suggested by higher synthesis and secretion of collagen with
respect to young rats. The increase in collagen production re-
flected a selective shift of protein synthesis, since both total
cellular and extracellular protein production of cultured MC from
MNS rats did not significantly change with donor aging. Changes
in matrix production were very likely related to transcriptional
events, since expression of mRNA encoding extracellular matrix
components such as collagen IV and laminin Bi were significantly
increased in monolayers from eight-month-old MNS rats. How-
ever, decreased degradation of matrix proteins cannot be ruled
out by our present experiments as a mechanism operating simul-
taneously with increased matrix biosynthesis and leading to matrix
protein accumulation.
Cell proliferation and matrix synthesis in MC seem to be
normally regulated by complex mechanisms involving feedback
processes between these two activities [461. In MC from MNS rats,
dysregulated cell-matrix interactions may be genetically directed
and triggered by aging, thereby favoring the development of GS.
On the other hand, unchanged total protein synthesis in spite of
the donor age-dependent increase in the replicative rate of MC
from MNS animals, might indeed mask a higher biosynthetic
activity. In fact, a down-regulation of the rate of protein synthesis
by increasing cell density seems to be part of the homeostatic
feedback mechanism regulating the activities of cultured MC [46,
47].
In contrast to MNS rats, spontaneous GS does not occur in
genetically related MHS animals, despite the presence of an
important risk factor such as hypertension [9, 10]. In the present
study, unlike MNS, the growth rate of MHS-derived MC declined
as a function of donor age. The age-related slower growth rate in
MC from MHS animals was associated with a trend towards lower
[Ca2] responsiveness to serum. Taken together, these data may
support the idea that MHS rat-derived MC may progressively
become refractory to mitogen stimuli with donor senescence.
Studies on cultures of other cells of mesenchymal origin, such as
human fibroblasts, have shown that their proliferative activity is
inversely related to the age of the donors [48, 491.Thus, in MHS
rats, the age-related reduction in MC proliferative activity may
possibly reflect a process of cellular senescence based on geneti-
cally programmed events, as suggested by a variety of theories of
cell aging (see [50] for a review of mechanisms of aging).
At variance with cell proliferation, collagen and total protein
production by MC from MHS rats did not change with donor
aging. Additionally, collagen IV and laminin Bi mRNA expres-
sion in MC from young and old MHS animals was comparable.
Unchanged collagen protein synthesis in spite of reduced cell
replication rate by MC from old MHS rats compared to young
animals could actually indicate matrix overproduction. However,
we only estimated total collagen synthetic rate by measuring the
amount of [3H]-proline incorporated into collagenous proteins.
The different types of collagen were not evaluated, nor were other
matrix components analyzed. Thus, the possibility of differences in
the proportion of individual collagen types or in the composition
of matrix between MC from old and young MHS rats, should also
be considered. Indeed, changes in the quantity of different
components of extracellular matrix have been described in studies
on in vivo and in vitro aging of human cells [51]. On the other
hand, decreased replicative rate and unchanged total protein
synthesis in MC from old MHS might point to cellular hypertro-
phy. This alteration might be expression of cellular senescence, in
analogy to the progressive increase in size, protein and RNA
content of aging human fibroblasts [51].
In conclusion, our data suggest that MC derived from two
genetically-related rat strains with different susceptibility to de-
velop spontaneous GS [9, 10] show differential changes in both
proliferative and secretory activities associated with donor aging.
Reduced MC mitogenic response in MHS rats with age may
actually reflect a normal process of senescence, partially contrib-
uting to the resistance of this strain to the occurrence of sponta-
neous glomerular scarring. In contrast to MHS, in MC from MNS
animals such a process may be genetically altered. This may
facilitate the occurrence of an age-associated dysregulation of MC
proliferation and secretion, eventually resulting in glomerular
sclerosing lesions.
GS may be the common histologic final point for a number of
renal and systemic diseases [37]. In rats, susceptibility to develop
progressive glomerular scarring varies from strain to strain [6—91.
In humans, at least for a limited number of glomerulonephritides,
an initial, identical glomerular injury is reversible in some pa-
tients, whereas it may evolve to diffuse GS and, thereby, to
end-stage renal failure in others. Additionally, clinical and mor-
phologic features of GS do not occur in all patients with vascular
and metabolic abnormalities. The reasons for these different
responses are multiple, and may include many factors, among
which genetic ones. In our study, donor age-related differences in
cell growth and secretion between MC from MNS and MHS rats
associated with a different susceptibility to develop spontaneous
GS were constantly observed in all cell passages used. These
findings support a different hereditary trait, rather than a sponta-
neous genotypic transformation occurring in culture, underlying
the difference in MC proliferative and secretory activities between
the two strains of rats. On the other hand, cell lines from different
Milan rat generations revealed identical growth abnormalities. In
summary, our data support the concept that an inherited disorder
of cell behavior might explain the individual different propensities
to OS found in the Milan strain of rats and in some forms of
glomerular diseases as well as systemic disorders. Whether the
expression of a genetic susceptibility of MC to the effects of
proliferative and secretory stimuli is triggered by immunological-
ly- and non-immunologically-mediated glomerular injury, initiat-
ing the progressive sclerosing process, remains to be established.
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